Background: The automatic substitution of bioequivalent generics for brandname antiepileptic drugs (AEDs) has been linked by anecdotal reports to loss of seizure control. Objective: To evaluate studies comparing brand-name and generic AEDs, and determine whether evidence exists of superiority of the brand-name version in maintaining seizure control. Data Sources: English-language human studies identified in searches of MEDLINE, EMBASE and International Pharmaceutical Abstracts (1984 to 2009). Study Selection: Randomized controlled trials (RCTs) and observational studies comparing seizure events or seizure-related outcomes between one brand-name AED and at least one alternative version produced by a distinct manufacturer. Data Extraction: We identified 16 articles (9 RCTs, 1 prospective nonrandomized trial, 6 observational studies). We assessed characteristics of the studies and, for RCTs, extracted counts for patients whose seizures were characterized as 'controlled' and 'uncontrolled'. Data Synthesis: Seven RCTs were included in the meta-analysis. The aggregate odds ratio (n = 204) was 1.1 (95% CI 0.9, 1.2), indicating no difference in the odds of uncontrolled seizure for patients on generic medications compared with patients on brand-name medications. In contrast, the observational studies identified trends in drug or health services utilization that the authors attributed to changes in seizure control.
Conclusions: Although most RCTs were short-term evaluations, the available evidence does not suggest an association between loss of seizure control and generic substitution of at least three types of AEDs. The observational study data may be explained by factors such as undue concern from patients or physicians about the effectiveness of generic AEDs after a recent switch. In the absence of better data, physicians may want to consider more intensive monitoring of high-risk patients taking AEDs when any switch occurs.
Background
Concerns about medication costs and drug safety have increased attention on the role and clinical equivalence of generic drugs. These products have the same active ingredient(s) as their brand-name counterparts, but may differ in peripheral features, such as pill colour or shape, inert binders and fillers, and the specific manufacturing process. [1] Generic drugs are frequently sold at prices far below their brand-name counterparts, and therefore can promote patient adherence to essential medications [2, 3] and reduce healthcare spending. [4] This can be particularly important for patients with limited income and public insurance programmes with constrained budgets. Many countries permit or mandate pharmacists to substitute a generic version (if one is available) whenever a physician writes a prescription, a flexibility that is critical to encouraging appropriate use of generic products.
Since 1984, generic drugs have been approved by the US FDA on the basis of studies demonstrating that they are bioequivalent to the brandname versions. Bioequivalency can be established on the basis of the maximum serum concentration of the drug (C max ), the time until maximum concentration is reached, or the area under a curve defined by serum concentration as a function of time (AUC). The FDA defines a drug as bioequivalent when sufficient evidence suggests that the 90% confidence intervals for the ratio of brand-to-generic AUC and C max fall within an acceptance interval of 0.80-1.25 (known as the '-20%/+25% rule'). [5] Studies and substantial clinical experience have supported this standard as a means of ensuring the safety of the vast majority of generic drugs, [6] although anecdotal and media reports warning about the safety of generic drugs persist. [7] In particular, some have expressed concern about using bioequivalency studies to approve generic versions of narrow therapeutic index (NTI) drugs, the effective and toxic doses of which are separated by a small difference in plasma concentration. [8] One such class of NTI drugs is those used in the management of epilepsy. [9] Epilepsy is successfully treated with antiepileptic drugs (AEDs) in approximately 70-80% of patients. [10] The remainder tend to be medically refractory, with seizures that can be very difficult to control. Some clinicians have stated that patients with epilepsy may be at a higher risk of seizures when they are switched from brand-name to generic AEDs and have urged against generic substitution. [11, 12] Occasional case reports have been invoked to support these concerns. [13] [14] [15] [16] If this were a real risk, it would have important clinical implications for patients and physicians, and important financial implications as well. Loss of seizure control can have substantial medical, financial and social consequences for patients with epilepsy, especially for those who have been seizure-free on a particular medical regimen. For example, a patient who experiences a new seizure may to lose the ability to drive for 6 months.
The issue of the interchangeability of brandname and generic AEDs has risen in prominence recently, as several frequently prescribed brandname AEDs have reached the end of their patent protection and generic versions have been approved for the market. [17] In 2008, the Epilepsy Foundation of America requested that the FDA issue a statement opposing mandatory switching of bioequivalent formulations of brand-name and generic AEDs. The FDA refused, finding no convincing evidence that switching led to loss of seizure control (Woodcock J, personal communication). Nonetheless, the topic has become politically contentious, [18] and some US states have passed AED-specific legislation requiring informed consent from the prescriber and patient (Hawaii [19] and Tennessee [20] ) or requiring notification of the prescriber (Utah [21] ) before permitting generic substitution. Several other states have considered similar actions. [22] This tension exists in Europe as well, where health authorities in certain countries, such as Sweden, have excluded AEDs from automatic generic substitution. [23] Such so-called 'carve-outs' are likely to be costly, [24] and editorials and press reports raising concern about the safety of generic AEDs have cast doubts about the safety of generic drugs in general. [25, 26] In a recent meta-analysis of cardiovascular medications, we found no evidence of superior clinical effects of the brand-name version of the anticoagulant warfarin (Coumadin Ò , DuPont Pharmaceuticals, Wilmington, DE, USA), another NTI drug, or other drugs used to treat cardiac disease. [27] To determine whether these findings extend to AEDs, we systematically evaluated trials and observational studies assessing seizure control with brand-name and generic AEDs. We reviewed studies published from 1984 to 2009 and pooled all available results.
Methods

Sources of Data
We performed a systematic search of articles published in peer-reviewed healthcare-related journals between January 1984 and August 2009 using MEDLINE, EMBASE and International Pharmaceutical Abstracts (IPA) with the help of Julie Whelan, a professional librarian.
We employed search terms in three categories: (i) terms describing study type (e.g. clinical study, cross-over, equivalent$, effect$ and outcome$); (ii) terms describing the comparison of interest (e.g. brand-name, patented and generic drugs); and (iii) terms relating to epilepsy and AEDs, including the US and international generic and brand-names of all relevant therapeutic agents (see table I ). AEDs were defined as drugs approved specifically for use in the treatment of epileptic seizures. In the third category, we also employed search terms describing the disease process (e.g. seizure, convulsion and epilepsy) and therapeutic drug category (e.g. antiseizure, anticonvulsant and antiepileptic). Articles containing at least one search term in each of the three main categories met criteria for the abstract review. MEDLINE and EMBASE searches employed relevant MeSH and EMTREE subject headings as well as text words, while IPA searches used only free text.
Search terms and parameters were adjusted for each database, while maintaining a common overall architecture. Search results from MEDLINE and EMBASE were combined at the outset. Search results from IPA were handled separately because IPA cannot technically be searched at the same time as the other databases. Manual reference mining of a selection of relevant articles, letters and commentaries supplemented the search results.
Study Selection
Studies were included if they reported a comparative evaluation of one brand-name drug and at least one alternate version produced by a distinct manufacturer. The evaluation had to include measurement of outcomes related to the number or severity of seizures. We included randomized Generic vs Brand-Name Antiepileptic Drugs 607 controlled trials (RCTs) and observational studies. We excluded case studies as well as research in abstract form only, pharmacokinetic studies, qualitative analyses of effectiveness, pharmacoeconomic evaluations and surveys. Studies were excluded if they were written in a language other than English or they were conducted in animals.
Data Extraction and Quality Assessment
Data were extracted (ASK, EJB, WHS) and checked (JJG), with disagreements resolved by consensus. We assessed a number of variables related to the organization and outcome of the studies: study design, setting (institution-level and country-level), characteristics of the population studied, numbers of participants, mean age (or age range) of the participants, clinical endpoints and the self-identified source of funding (where listed). The methodological quality of the RCTs was assessed using the 5-point scale developed by Jadad et al. [28] The methodological quality of nonrandomized trials was assessed using the 9-star Newcastle-Ottawa scale. [29] This was done independently by two authors (ASK and WHS), with differences resolved by consensus.
Data Analysis
To conduct the meta-analysis, we identified RCTs where seizure outcomes were presented or could be derived from the published results. We extracted from each study the number of patients given generic and brand-name medications and the number of patients in each arm whose seizures were characterized as 'controlled' and 'uncontrolled' in the manuscript. If only seizure numbers for individual patients were reported, we considered patients with no observed seizures during the study period to be 'controlled' patients and patients with ‡1 seizure to be 'uncontrolled'. For studies with a crossover design, we also obtained the overlapping outcomes between groups. Where we could not determine controlled and uncontrolled patients from the published data, we contacted the authors of studies to determine whether unpublished results were available (but none were).
We then compared the percentage of controlled and uncontrolled patients for the brand-name and generic drugs. To be conservative, if there was more than one generic version in the study we selected the drug with the most uncontrolled patients. Odds ratios (ORs) and confidence intervals for the crossover trials were calculated according to the methods described by Elbourne et al. [30] We applied a marginal approach, where the OR was computed assuming independent observations and the variance was adjusted for the between-period correlation. The summary estimate was a weighted average of ORs from the seven studies where the weights were the inverse of the variances of the ORs. A null result is therefore represented by an OR of 1.0. Estimates >1 indicate higher odds of poor control for generic medications compared with brand-name medications. Conversely, estimates <1 indicate lower odds of poor control for generic medications compared with brand-name medications. All statistical analyses were conducted using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
The search identified a combined 2416 records from MEDLINE and EMBASE and 173 records from IPA. After applying our exclusion criteria, 55 articles from MEDLINE, EMBASE and IPA were identified for further review. Fifteen studies met criteria for detailed analysis; one additional study was added from manual mining of references (figure 1).
Randomized Controlled Trials
Nine studies compared brand-name and generic AEDs using RCTs (9 of 16, 56%). All were published between 1986 and 1997 (see table II) .
Three RCTs addressed seizure frequency in treatment with phenytoin. Kishore et al. [32] conducted a non-crossover RCT in 60 newly diagnosed epileptic patients, randomly assigning them to four equal-sized groups and assigning each to one of the brand-name version (Dilantin Ò , Parke-
Davis, Ann Arbor, MI, USA) and three generic versions available in India. Patients were followed for recurrent seizures for 3 months. Two patients in each of the three generic groups had recurrent seizures, as compared with five patients in the Dilantin Ò group, which was not statistically significant (p > 0.05). Hodges et al. [31] enrolled newly diagnosed paediatric patients with epilepsy to a rotating schedule of three 4-week blocks of Dilantin Ò and two generic versions available in the UK. Forty-three seizures were recorded among children in the Dilantin Ò group, 30 in one generic group and 60 in the other (not statistically significant). Paradoxically, the authors found that the generic version associated with the fewest recurrent seizures also had a significantly lower serum concentration. Soryal and Richens [35] randomized 14 patients on stable doses of phenytoin to seven 4-week periods and serially switched them to two brand-name versions and five generic UK versions. Some variations in drug serum concentrations were noted, but there were no significant differences in seizure frequency.
Five RCTs addressed seizure frequency in treatment with carbamazepine. Oles et al. [37] enrolled two cohorts of patients -a group on stable Tegretol Ò (Ciba-Geigy, Basel, Switzerland) monotherapy and another with refractory seizures -in a crossover study with 3-month observational periods. Among the 20 previously controlled patients, 2 had seizures while receiving the generic drug and 4 had seizures while receiving the brandname drug (p < 0.05). Among the refractory patients with uncontrolled seizures, they found statistically similar ''average seizure frequencies'' (about one seizure every 4 days) in the brandname and generic groups (p = 0.002). They also identified the number of patients with a ‡50% difference in seizure frequency; of the eight 16 Generic vs Brand-Name Antiepileptic Drugs 609 Soryal and Richens [35] (1992) Oles et al. [37] (1992) Government a Jadad score ranges from 1 to 5, with 5 indicating highest quality. [28] mfr = manufacturer; pt(s) = patient(s); VPA = valproic acid.
patients who met this definition, all had a <20% difference in the pharmacokinetic AUC of the drug, irrespective of drug group. Jumao-as et al. [33] enrolled ten patients who were uncontrolled on their current medical regimen to Tegretol Ò and one generic version. Four patients had no seizures while on the brand-name drug, while four patients had no seizures with the generic. The number of seizures on average per month was 6.1 for the brand-name drug and 4.9 for the generic (not statistically significant). [33] Among the other carbamazepine studies, Silpakit et al. [38] randomized 18 patients on stable doses of Tegretol Ò to the brand-name drug and three generic versions available in Thailand (named G1, G2 and G3). In the crossover trial, seven patients had breakthrough seizures during the study: all seven had seizures while on G2, five had seizures while on Tegretol Ò , three had seizures on G3 and two had seizures on G1 (not statistically significant). Hartley et al. [34] randomized paediatric patients to brand-name and generic versions of carbamazepine in the UK in a crossover-design trial. Eight patients had seizures during the brand-name drug period and another eight had seizures during the generic period; four children appeared to have better seizure control with the generic and three had better seizure control with the brand-name drug (p > 0.32). Finally, Wolf et al. [36] compared two brand-name versions of sustained-release carbamazepine in Germany (trade names not provided) with a new version that had been recently approved. Of the eight patients who had some seizures, three had them with all three preparations and four had them with only one preparation (one each with the two brand-name versions and two with the generic version). These rates were statistically indistinguishable.
The final trial addressed seizure frequency in treatment with valproic acid (Depakene Ò , Abbott Laboratories, Abbott Park, IL, USA). Vadney and Kraushaar [39] enrolled 64 institutionalized patients on stable doses of Depakene Ò or generic valproic acid and switched versions during two 4-week observational periods. They found similar rates of seizure frequency and numbers of controlled and uncontrolled patients (p = 0.89).
Aggregate Odds Ratios
Seven studies were included in the metaanalysis. Two were excluded because they did not report numbers of controlled/uncontrolled patients or provide individual-level data on patients with seizures. [31, 35] Six of the seven had a crossover design; the other was an RCT of new diagnoses without crossover. [32] In two studies, we compared the percentage of uncontrolled patients receiving generic versus brand-name AEDs. [32, 39] In the remaining five studies, we compared the percentage of patients with at least one seizure for generic versus brand-name AEDs. [33, 34, [36] [37] [38] Overall, we found that brand-name AEDs were not shown to be better or worse than generic versions with regards to controlling patients' seizures. As seen in figure 2 , the 95% confidence interval for each prospective study crossed 1. The aggregate OR (n = 204) was 1.1 (95% CI 0.9, 1.2), indicating no difference in the odds of uncontrolled seizure for patients on generic medications compared with patients on brand-name medications. We estimated a Cochrane's Q-test statistic of 0.27, indicating that the studies are not significantly heterogeneous (p > 0.05). [40] Observational Studies
We identified one non-randomized prospective study and six observational studies (see table III ). The non-randomized prospective study was conducted in British Columbia, Canada. The investigators enrolled ten institutionalized patients (aged 9-21 years) with epilepsy whose disease was stabilized on a generic version of carbamazepine. The patients' seizure activity was then closely followed for a 2-week period before they were switched to brand-name Tegretol Ò and followed for another 2-week period. There were no significant differences in seizure frequency. [41] Two of the observational studies included very similar designs and were both conducted with sponsorship from AED manufacturers. The first, a cohort study by Andermann et al., [42] used claims data from the Canadian province of Ontario to compare 'switchback' rates of three Ò ) that occurred after a generic version was introduced and nearly all patients in the province were administratively switched to that version. They used a public-payer database of prescription drug dispensing claims. Switchback rates were higher for AEDs than for cholesterollowering and antidepressant drugs (range: 12.9-27.1% vs 1.5-2.9%); the authors concluded that epilepsy patients were less satisfied with switching. They also found that the median dose of lamotrigine increased significantly after the switching period for patients remaining on the generic version. However, no seizure outcomes were measured; it is unclear if these switches were associated with adverse outcomes, as switching may have been driven by physician or patient perceptions of efficacy rather than meaningful clinical differences.
LeLorier et al. [43] . The authors concluded that switching was related to adverse health outcomes. However, the reason for the increased outpatient visits was not explored (only the actual number of visits was calculated). Many of the diagnoses associated with visits included in this analysis were for psychiatric conditions and the results may have no relationship to seizure activity. Generic vs Brand-Name Antiepileptic Drugs 613 LeLorier et al. [43] (2008) 
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Duh et al., [45] using a database similar to the prior two studies, found that switchback rates were higher among five AEDs with generic entry before 2000 (19.2% aggregate rate) than among three AEDs with generic entry in 2000 or later (14.7% aggregate rate for Topamax Ò [OrthoMcNeil Neurologics, Titusville, NJ, USA], Lamictal Ò and Neurontin Ò ). Both switchback rates were higher than for four selected nonAEDs (7.8% aggregate rate), although these results suffer from the same limitations as prior such studies. Duh et al. [45] then focused on healthcare service utilization among patients who received either brand-name Topamax Ò , a single generic version of topiramate or more than one generic version. They found that multiple generic use periods had higher hospitalization rates than brand-only periods (adjusted incidence rate ratio [IRR] 1.65, 95% CI 1.28, 2.13) but single generic use periods did not (adjusted IRR 1.08, 95% CI 0.88, 1.34). There was no difference between any of the groups in the rate of outpatient visits. They concluded that these results suggested an association between generic switching of AEDs and increased healthcare utilization along with adverse clinical effects. The authors do not explain why they found differences in clinical outcomes among patients switched from generic-to-generic topiramate but not brand-name to generic topiramate. Unmeasured confounders that differentiate patients receiving multiple generic versions may explain the results, because patients who use multiple generics may also use multiple pharmacies and have less stable living conditions or medical care.
The remaining three observational studies evaluated a potential association between substitution of generic AEDs and clinical outcomes. Zachry et al. [44] and Rascati et al. [46] were similarly designed observational trials funded by Abbott Laboratories. Each set of authors conducted a case-control study to assess the association between AED switching and hospital admissions and emergency medical encounters. They used pharmacy and medical claims data from a geographically diverse population aged 12-64 years to identify cases with an inpatient hospitalization, emergency room visit or ambulance service with a primary diagnosis of epilepsy and controls without such an epilepsy visit. The exposure of interest was any switch in bioequivalent formulations of AEDs in the 6 months prior to the index date. For Zachry et al., [44] 47 cases out of 417 (11.3%) switched, as compared with 81 controls out of 1248 (6.5%) [OR 1.81, 95% CI 1.25, 2.63]. The investigators did not adjust for the number of AEDs prescribed to patients, which is a marker for epilepsy that is more difficult to manage and makes those patients more likely to switch. All of these factors could result in upwards confounding.
Rascati et al. [46] found that 109 cases out of 991 (11.0%) switched in the 6 months prior to the index date, as compared with 186 controls out of 2973 (6.3%) [OR 1.84, 95% CI 1.44, 2.36]. However, cases were more than three times as likely to receive their insurance from Medicaid, suggesting that the populations may differ in other important characteristics. In a multivariable analysis which adjusted for potential confounding due to age, sex, region of residence, diagnosis and use of multiple AEDs, Rascati et al. [46] found that the OR fell to 1.51 (95% CI 1.17, 1.96). While this study accounted for use of multiple AEDs, residual confounding may persist because the authors defined this covariate dichotomously.
Hansen et al. [47] conducted a matched casecontrol analysis with design and funding similar to Zachry et al. [44] and Rascati et al., [46] but also sought to account for multiple AED prescriptions. Using a large commercial database, Hansen et al. [47] identified 84 cases out of 757 (11.1%) where a switch occurred in the 6 months prior to the index date, as compared with 147 out of 2271 matched controls (6.5%) [OR 1.78, 95% CI 1.35, 2.36]. After controlling for the total number of AED prescriptions filled (and gender), the authors found that the adjusted OR decreased to 1.57, which was still significant (95% CI 1.17, 2.10). In Hansen et al. [47] and the other observational studies, the investigators did not control for many unmeasured variables likely to be associated with switching, such as disease severity, use of other medications that may interact with AEDs, recent dose changes, sleep deprivation or systemic illness. Investigators also did not Generic vs Brand-Name Antiepileptic Drugscontrol for important social characteristics, such as income, a stable living situation or healthconscious behaviours.
Discussion
This study provides a comprehensive overview of the available evidence comparing seizure-related outcomes with use of brand-name and generic versions of AEDs. We evaluated 16 studies, including nine RCTs, which involved over 200 patients. None of these studies found that the brand-name AED was superior or inferior to the generic in controlling seizures. On the other hand, the observational studies of patients with epilepsy who were switched from brand-name to generic formulations identified changes in drug or health services utilization that the authors concluded may suggest less adequate seizure control with generic products.
The RCTs involved three types of AEDsphenytoin (Dilantin Ò ), carbamazepine (Tegretol Ò ) and valproic acid (Depakene Ò ); all but one of the studies used a crossover design. None of the RCTs found any safety concerns or lack of efficacy with use of generic AEDs to treat patients with epilepsy. Many physicians have expressed concerns about the effect of switching a patient whose seizures have been well controlled on a specific drug to a generic version of that product. The crossover design addresses switching brandname and generic forms of these drugs; these studies found no evidence of superior seizure control with brand-name medications.
However, our study has several limitations that reflect the underlying literature. Most trials identified by our search were short-term evaluations, included small populations and were powered to assess differences in pharmacokinetic parameters, rather than clinical outcomes. For such trials, only large differences in clinical outcomes would have been statistically significant. Although our meta-analysis partly addresses the limitation of small sample size by pooling results across studies, we are still unable to rule out small differences in seizure rates between generic and branded AEDs. Furthermore, some clinical trial circumstances and patients were heterogeneous: studies included both patients with uncontrolled epilepsy and those whose epilepsy was controlled and patients who were exposed to different formulations of the same active ingredient.
In addition to these limitations, the observational studies we identified came to conclusions at odds with the RCTs about the safety of brandto-generic switches in this field. The observational studies by Andermann et al., [42] LeLorier et al. [43] and Duh et al. [45] based their conclusions primarily on evidence of higher switchback rates among patients in one Canadian province switched to generic AEDs, as compared with non-AED drugs. While switchback rates can be a signal of adverse clinical outcomes with generic AEDs among patients with epilepsy, there are a number of alternative hypotheses that could account for this result. For example, neurologists may have been more likely than other physicians to accede to patient requests to support switchbacks even in the absence of new seizure outcomes because of concerns about generic AEDs stimulated by popular media reports or anecdotal experience. [48, 49] In looking at clinical outcomes, LeLorier et al. [43] found increased numbers of outpatient visits, although no change in hospitalization rates. Patients with epilepsy can experience significant anxiety with any change to their AEDs. A brand-to-generic switch is likely to cause increased anxiety and worry for many of these patients, [50] which may be a reason for the increased clinic visits. Additionally, switchback rates may indicate high levels of vigilance and concern in light of the perceived switching problem, even in the absence of a true clinical problem. The prescribing physician may have requested more frequent visits in the initial post-switch period, as many epilepsy specialists do, in order to carefully monitor for adverse events or symptoms. Notably, Duh et al. [45] found no change in outpatient visits but an increase in hospitalizations. Associations found in an observational study design do not prove causation, and such inconsistencies raise further questions about whether practicing physicians should rely on these results. 618 Kesselheim et al.
The observational studies by Zachry et al. [44] and Rascati et al. [46] based their conclusion that generic AED substitution may be dangerous on more convincing evidence of increased health services utilization (inpatient hospitalization, emergency room visit or ambulance service) following a switch between any A-rated AED alternatives. While an association between switching and adverse outcomes was seen, the authors themselves emphasized that these results may be impacted by confounders unmeasured in the claims data used. Without controlling for these and other factors, along with the added concern of potential coding errors, the associations seen with switching and seizures may have been artificially magnified. For example, when Hansen et al. [47] included one important potential confounder in their study -co-prescription of multiple AEDs -the adjusted OR fell from 1.78 to 1.57.
While this meta-analysis supports the conclusion that at least three brand-name AEDs are not superior to generic versions in maintaining seizure control, case study reports and the observational data should be carefully considered, given the substantial medical and social cost of loss of seizure control. It is also important to note that the RCTs involved three older AEDs, while the observational studies involved a wide range of AEDs, including some newer products. Additional prospective studies in this class of NTI drugs may help clarify whether there are high-risk patients in whom switching between versions of a particular AED may be dangerous. If possible, such studies should examine the effect of brandname-to-generic switches, as well as seemingly minor alterations in a brand-name company's manufacturing processes or switches between products originating from a company's different factories. As we await better prospective trial data, observational studies properly adjusted for potential confounders could help to identify whether certain subpopulations may be at greater risk for loss of seizure control.
Medication substitution without prior knowledge may cause undue concern for patients with epilepsy, leading to increased healthcare system utilization (including telephone calls and clinic visits) and switchback requests. Close monitoring of high-risk patients taking AEDs is appropriate when any change occurs, whether it is a dose alteration or a switch from generic to brand-name drug, brand-name-to-generic or generic-to-generic. When switching AEDs is temporally associated with a seizure, physicians should consider whether other factors -such as new co-prescriptions or patient co-morbidities -may have affected reduced seizure control. If the medication change is determined be the primary contributor, policy makers and insurers ought to be flexible with coverage decisions, and provide patients with the ability to switch back to their original AED medication regimen.
Conclusion
A systematic review and meta-analysis of trials omparing seizure outcomes from use of brandname and generic AEDs shows no association between loss of seizure control and generic substitution for at least three types of AEDs. Observational study data suggest that brand-name-to-generic AED switching may be associated with 'switchbacks' and increased rates of health services utilization, but these studies are limited by unmeasured confounders and other factors in their design. Although physicians may want to consider more intensive monitoring of high-risk patients taking AEDs when any medication change occurs, in the absence of better data, there is little evidencebased rationale to challenge the implementation of generic substitution for AEDs in most cases.
Table AI provides additional information to figure 2. a N represents the number of patients included in the study. For crossover trials, the overall N equals the group N. For randomized controlled trials, the overall N is the sum of the group Ns.
b Uncontrolled is defined as having at least one seizure on treatment.
c OR of uncontrolled seizures for patients treated with generic vs brand-name AEDs.
d The 95% confidence interval for the OR.
AEDs = antiepileptic drugs; OR = odds ratio.
